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) A Vehicle comprising, a vehicle chassis having a dash panel (12) dividing a frontal compartment (16) 
from an interior passenger compartment (16), and a steering assembly (10) within said passenger 
compartment, said steering assembly (10) comprising a steering shaft having an upper shaft section (54) 
and a lower shaft section (32), one said shaft section being telescopically received and axialiy 
collapsible within the other for a predetermined total stroke, an upper column body (52), said upper 
shaft section (54) being rotatably suspended within and extending beyond said upper column body (52) 

• at the lower end thereof, a primary mounting bracket means (70) for supporting said upper column body 
to said vehicle chassis, coupling means (60) for operattveiy connecting in torsion the lower end of said 
lower shaft section (32) to a steering means within said frontal compartment, said coupling means (60) 
being adapted to uncouple said lower shaft section upon a predetermined rearward movement in the 
direction of said steering wheel (18), said lower end of said lower shaft section (32) being disposed 
substantially rearward of the dash panel (12) about midway between the dash panel and said steering 
wheel (18) whereby a substantial degree of dash panel intrusion can be accommodated during a frontal 
collision without impacting in any way the steering assembly. 
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A STEERING COLUMN ASSEMBLY 


This invention - relates to steering column 
, assemblies, particularly for vehicles having a passive 
. impact restraining collapsible system. 

Collapsible energy absorbing vehicular steering s 
columns for application on vehicle steering systems 
have been well known and in popular use for a number 
of years. - 

One such system includes a unitary steering col- 
umn member, of collapsible, construction which 10 
extends from steering wheel to dash panel and rotat- 
ably supports upper and lower telescopically engaged 
steering shaft sections.. Such a system is shown in 
U.S. Patent Nos. 3,760.650, 3,805,636, 3,813,960 
and 3,815,437; . - v r- ■ : . ts 

. Another type system includes a two piece steer- 
ing column assembly.having a lower steering column 
telescopically; received within an upper steering col- 
umn, each rotate bly supporting there within respective f 
telescopically engaged upper , and lower steering 20 
shafts. The upper column is commonly supported at 
the substructure supporting the instrument panel or 
dash panel., The lower column generally extends to 
very near the dash panel or may be attached thereto. 
The lower steering, shaft extends through the dash 25 
panel and is secured to the gear box. The energy of 
an impact at the steering; wheel by the occupant is 
generally taken up by some sort of energy absorbing 
device which is attached to or part of the upper steer- . 
ing column such as. shown in U.S. Patent Nos; 30 
3,855,876 and 4,273,005, or by the energy absorbing 
device being operatively associated with each of the 
upper and lower steering column sections such as 
shown in U.S.- Patent Nos. 3,665,777 and 3,699,824. 

In each case, the system is designed to absorb 35 . 
energy oyer a prescribed predetermined stroke of the 
one steering column or steering, shaft section relative 
to the other. This predetermined stroke has been 
designed on the, basis. of a forward collapse of the 
steering column.i.e. in the direction of the occupant 40 
moving forward and impacting the steering wheel. 
- With the. development of the newer generation of 
..automobiles,. has, come design criteria affecting the 
vehicle.steering system. Among these Is included the , 
shorter front end of the vehicles typical with the most . 45 
recently aerodynamical ly designed automobiles., 
Further, the fact that the engine compartment is filled 
by the engine- and, transaxle assemblies and other 
related .engine) componetry, there is far less free . 
space in the engine compartment. Thus, during a front . so 
end collision particularly, there is an increased pos- 
sibility that the dash panel will intrude into the 
passenger compartment to a greater extent than 
otherwise existed. 

Should this occur, the overall design mechanics ss 
of the system may be adversely affected in that, when 


the dash panel intrudes, it will force the lower portion 
of the lower steering column rearward, taking up the 
available stroke for absorbing any forward travel of 
tfie upper steering column as caused by occupant 
impact, with the steering wheel. In U.S. Patent Nos. 
3,724,286, 3,817,118 and 3,832,911, assigned to the 
assignee of the present invention, js shown a system 
wherein the forward end of the steering column is off- 
set from the dash panel and .the steering shaft is a 
cable designed to flex in the event of a front end col- 
lision and resultant dash intrusion. However, the 
steering column iteelf Js, displaced forwardly by the 
impact thus reducing the effectiveness of the design. 

- Further,. the prior art ^ steering column assemblies 
have , not addressed the overall design requirements 
currently placed on steering assemblies as a total sys- 
tem. For example, in addition to the energy absorbing 
criteria, the system must be lightweight, free from 
noise and vibration, both as a source, and as a trans- 
mitter of noise and vibration from other parts of the ve- 
hicle to the f hands, of the driver. The design must be 
sufficiently universal t to fit numerous vehicular appli- 
cations, able; to accommodate a tilt wheel feature, 
simple; and straightforward in design concept, and 
relatively inexpensive. 

The present invention addresses the foregoing 
concerns. : , , 

. The present invention. contemplates a vehicular 
steering assembly that is particularly insusceptible to 
any (interference with, performance as an occupant 
collision energy absorbing device by reason of dash 
intrusion. V , - , . ; lt ' ,, v t 

More specifically, the present invention includes 
an energy absorbing axially collapsible passive load 
restraining vehicular steering assembly having a mini- 
ma! shaft length extending from the steering wheel to 
the lowermost portion of the lower steering shaft sec- 
tion telescopically received within the upper steering 
shaft as coupled to the steering wheel. 
. ■ ; The present invention, contemplates a vehicular 
steering assembly whereln^the primary steering shaft 
which is -adapted to become completely uncoupled 
from the remainder of the steering gear box and drive 
shaft assembly is located substantially inward of the 
dash and within the passenger compartment, thus 
presenting a primary steering shaft of minimal shaft 
..length. , , . 
t/ The present invention further contemplates the 
combination of a primary, steering shaft of minimal 
length having a lower section telescopically received 
. relative to an upper section wherein the upper section 
only includes a steering column body or jacket which 
in turn is supported to the vehicle substructure by a 
single mounting bracket capable of absorbing colli- 
sion energy upon the steering wheel being impacted. 
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The present invention contemplates a vehicular 
steering assembly supported from the vehicle body 
structure in such a manner as to maintain at a mini- 
mum noise and .vibration that might otherwise be 
transmitted from the road, for example, through the 
steering assembly and to the steering wheel. 

The present invention contemplates an energy- 
absoYbing vehicular steering k assembly which 
employs a deformable mounting bracket which will 
accomrnddate a tiltable steering column. 

The invention also contemplates an energy- 
absorbing mounting bracket in the form of a bend 
strap having load controlling means whereby energy 
will be" absorbed at a constant rate throughout the 
duration of any collision impact exceeding a predeter- 
mined load sufficient to deform the bend strap. 

The : upper steering shaft section is rotatably 
received within an upper steering column body which 
in turn is supported to the vehicle body structure by a 
single energy absorbing mounting bracket that pro- 
vides at least axial arid lateral support for the steering 
assembly and allows the steering assembly to axially 
collapse upon itself on Impact absorbing the impact 
energy as it collapses/ s 

The lower steering shaft section is not jacketed in 
any way: The lowermost portion of the lower steering 
section is I oca ted substantially midway of the distance 
between the dash panel arid the steering wheel and 
is adapted to be uncoupled frorh the remainder of the 
steering shaft extending through the dash to the gear 
box. In the event of a frontal collision, should the dash 
panel intrude internally within the passenger compart- 
ment; the' steering shaft becomes uncoupled and can 
allow any amount of dash intrusion up to the point of 
contact with the lower end of the lower steering sec- 
tion; At the same time, in the event of driver ridedown 
or Impact with the steering wheel of such magnitude 
that the passive systerh is put into play, the norma! 
predetermined collapsed stroke is allowed to accom- 
modate occupant ridedown. Should the frontal colli- 
sioh cause an extreme amount of dash intrusion to the 
point that the lowermost portion of the lower steering 
section is* impacted, the steering system is designed 
^ to allow a certain degree of axial collapse in the direc- 
tion of the occupant without interfering with the col- 
lapse of the steering column from the other direction. 

In another embodiment of the invention, the lower 
steering shaft section is also provided with an axially 
deformable energy absorbing bend strap affixed to 
the vehicle substructure. The bend strap is designed 
to absorb additional impact energy of a forwardly 
directed impact in the event the predetermined occup- 
ant ridedown stroke allowed by the primary bend strap 
is insufficient to completely absorb impact energy. 
Thus, in suchembodirhent, the invention further con- 
templates an energy- absorbing vehicular steering 
assembly axially collapsible during a predetermined 
impact which combines (i) an axially deformable 


upper mounting bracket for an upper steering column 
having an upper axially collapsible steering shaft sec- 
tion with (ii) an axially deformable lower bend strap 
attached to a lower axially collapsible steering shaft 

5 section capable of : absorbing < additional impact 
energy should the upper and lower steering shaft sec- 
j tions become fully collapsed within one another. 

In yet a further embodiment, the primary bend 
strap is designed.in such a manner as to constitute the 

10 means by which the steering column is allowed to be 
manually adjusted by the occupant at various degrees 
of tilt in the vertical direction to accommodate driver 
convenience. The bend strap includes a central por- 
tion and two radially extending end portions. The cent- 

15 ral portion is rectangular and adapted to allow the 
upper steering shaft section to pass through. The butt- 
end portion of the upper column section is adapted to 
be clamped to and slidably engaged with the central 
portion of the bracket such that it is fixed in both the 

20 axial and lateral directions but allowed to tilt along a 
limited arc to adjust the vertical height of the steering 
wheel. 

The invention will now be described further, by 
way of example, with reference to the accompanying 

25 drawings, in which : 

Figure 1 is a side elevation view of the steering 
assembly in combination with a vehicle in accord- 
ance with the present invention. 
Figure 2 is a partially exploded perspective view 

30 of a steering assembly in accordance with the 

present invention, ■ 

Figure 3 is an exploded perspective view of the 
upper bend strap assembly in accordance with 
the present invention, 

35 Figure 4 is a partial perspective view of the upper 

steering column body taken along section line 4-4 
in Figure 2 and showing primarily the vertical sup- 
port and tilt mechanism in accordance with the 
present invention, 

40 Figure 5 is a side view of the tilt locking feature 

taken along section line 5-5 in Figure 2; 
Figure 6 is a top etevational view of the upper 
bend strap in accordance with the present inven- 
tion partly in section at the pivot to show the bend 

45 strap before deformation in solid line and after 

deformation in phantom, " 
Figure 7 is a perspective view of the upper bend 
strap of the present invention in initial (phantom 
line) and fully deformed (solid line) configuration, 

so Figure 8 is a graph 1 of impact load versus upper 

bend strap displacement in accordance with the 
present invention, 

Figure 9 is a partial plan view of the lower bend 
strap assembly in accordance with the present 
55 invention, 

Figure 10 is a plan view of an alternative embo- 
diment of the present invention, 
Figure 1 1 is a side view of the alternative embo- 
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diment of the present invention showing the tilt 
feature, and ■* ■ < 
Figure 12 is a pian view of the alternative embo- 
diment of the present invention showing the bend 
strap fully extended; " " r 

The basic features of the present invention are 
shown most dearly in Figure 1 wherein a steering 
assembly generally designated 10 is shown mounted 
within the' Interior passerfger compartment of a ve- 
hicle! A dash panel 12 separates the frontal or engine 
compartment 14 from the interior passenger compart- 
ment 16. ; A steering wheel 18 is attached to the rear- 
ward end of a collapsible steering column assembly 
desCTibed more specifically below which terminates at 
the'lbwer end of the steering shaft in a coupling 20. 

* The coupling Includes a slip-off joint, described below, : 
torsionally connecting the lowermost portion of the 

* steering shaft with a drive connection 22 connected to 

* a steering gear box 15 within the engine compartment 

"14. ^ V. , .'.'.-.v. ;.; 

The' coupling 20 is located a substantia! distance 
from the dash, approximately midway between the 
dash and the normal position of the steering wheel 1 8. 
The objective is t6 design the steering shaft length to 
a minimum and to place" it as far rearward of the dash 
as reasonable in light of other design criteria. In any 
event, 1 the coupling is located rearward of the design- 
intrusion line,' indicated generally at 24. The design-' 
intrusion line represents the maximum inward travel of 
the dash panel 'whlch may be reasonably anticipated 
during head-on collisions occurring at a fixed speed 
' and meeting test requirements as may. for example/ 
be established by Federal vehicle safety standards. It ' 
''will' be 1 noted that the coupling 20 is located rearward' 
of the design-intrusion line. Thus, the system is desig- 
ned for no interference on the steering assembly due 
to dash intrusion. 0 - -h--/ -vj . . :/ 

* ' As a further design measure; the steering asserrv 
bly is ■ designed to * accommodate dash intrusion 
beyond the design intrusion line to the point of rear- 
wardiy displacing the front end of the lower steering 
shaft section* 32 a' predetermined axial distance indi- 
cated generally at26: r ■ . * i . 

' * During any collision; it is to be anticipated that the 
occupant indicated generally at 28' will make impact 
with the steering wheel either directly, or indirectly for 
those systems -equipped' with airbags whicrnwill- 
expand between the steering wheel and the occupant. 
In such event, the steering system Is designed to an- 
ally- collapse in the forward direction from an initial <- 
position Indicated at 30 to a maximum position indi-' 
cated at 34 thereby travelling a predetermined dist- 
ance 36. As described below, the upper portion of the 
axialiy collapsible steering assembly is equipped with 
a primary mounting bracket or bend strap capable of 
absorbing impact energy during occupant'ridedbwn. 
In the preferred system design, the impact energy will 
be absorbed completely by the system within the pre^ 


scribed distance 36. 

Should the impact at the steering wheel be par- 
ticularly * severe; "the ■ primary - mounting bracket is 
designed to be released from the vehicle substructure 
5 or chassis towhicrf it is affixed such thatthe steering 
wheel assembly will continue" in "a forward direction 
where it will be resisted by the structure of the instru- 
meht panel assembly. ' -V" 3 

; In accordance with a : further embodiment des- 
10 cribed in detail below, the lower portion of the lower 
steering shaft section is provided with a second bend 
strap which can absorb energy over a predetermined 
distance 38 as the entire steering assembly moves 
forward displacing the forward end of the lower steer- 
15 ing shaft section from Its initial position 20 to a final 
position 40. " " .i t .i- 

Briefly stated, the general dynamics of the system 
- are as follows. ^** • *^ 

During slight collisions, the steering assembly will 
20 ■ not be affected. The axialiy collapsible energy absorb- 
ing features within the steering assembly are passive 
and only designed' to i be utilised if the initial impact 

* load exceeds a; certain predetermined amount. 

- r Assuming "nthe 'predetermined impact load is 
25 exceeded;* the* steering' assembly is adapted to col- 
lapse a distance 36; At this point, the primary mount- 
ing bracket and energy absorbing bend strap 70 will 

* have deformed to the maximum possible extent Typi- 
cally, and for purposes of providing an example, this 

30 ' ■ distance may be 100 millimetres 1 (mm), but of course 
it will vary* from application to application. 
> * At the same time, should the collision be a frontal 
collision-causing ' dash intrusion 1 / the dash intrusion 
will normally leave unaffected thet energy absorbing 

35 ^dynamics of the' steering* assembly since it will not 
exceed to the point of contacting the lower end of the 
lower steering shaft section at point 20. 

-Should the impact be particularly severe and 
driver ridedowh- exceed- point- 34, the mounting 

40 bracket and energy absorbing means 70 is allowed to 
break free of its support structure, thereby allowing 
the steering wheel to move forward an additional dis- 
tance 38 or beybndl If the lower steering shaft section 
is provided with the second bend strap as shown in 

45 . the drawings, additional impact energy will be absor- 
bed as the steering column assembly moves forward 
deforming the second bend strap over the distance 
38. For purposes of the example being given, this dis- 
tance is in the order of 50 mm> 

so • r Thus; should circumstances allow that there is no 
1 dash intrusion to the, point of impacting the steering 
shaft, the upper steering column assembly and steer- 
ing wheel can be collapsed a total distance 36 plus 38 
which, in the example given, is 150 mm. 

55 Under other circumstances; should dash intru- 

sion proceed to the point of the dash impacting the 
lower end of the lower steering shaft section, the lower 
steering shaft section can travel axialiy rearward and 


EP 0 448 246 A1 


up into the steering column assembly a distance 26 
less the extent of forward, displacement of the upper 
steering column and steering wheel assembly. 

Referring principally to- Figure 2, there is shown a 
steering assembly .10. having an upper column body 5 

, 52. An .upper steering shafts section 54 extends 
through and is rotatably supported within upper col- 
umn body 52. Steering-wheel. 18 is connected to the 
.upper. end,of. upper steering shaft section 54. Lower 
steering, shaft .section. 32 is telescoplcally received 10 t 
within and torsion allying aged with the upper steering 

-shaft section 54, as by providing. a D-shaft construe- . 
tion; generally" designated as 56 in Figure 4. At its 
lower end,, it is ; provided with a slip-off coupling 
assembly 60, which may be of conventional design is 
not: forming: a part :of/rthe. present invention. For. 
example, such a coupling is shown in U.S. Patent No; 
4,086,825. assigned. to;the assignee of the present 
invention. The slip-off coupling assembly 60 includes 
coupling 20,.one end of .which constitutes the end of 20 
lower steering, shaft section 56, a stub shaft 58 and a 
fork 62 for torsionally engaging a third steering shaft 
section directly extending through the dash panel and 
connected to, the steering gear box 15. £ - 

..; , Upper column body 52 is mounted on the vehicle . ,25 
by upper mounting bracket.70 which in turn is affixed 
at end flanges to the chassis as indicated generally at .. 
71 by bolts 72. In addition to its mounting function, the 
.upper,; mounting bracket ,70 operates as an impact 
energy absorbing bend strap.- : . . 30 

, v In.the embodiment shown in Figure 2, the mount- 
ing bracket 70 and upper column body 52 are desig- 

. ned and affixed to one another in a manner explained - 
in, detail, below: which will allow the steering wheel 
assembly. to be utilised as a manually adjustable tilt 35 
wheel. Obviously, as a further embodiment of the pre- 
sent invention; the tilt feature could be eliminated or . 
at least disassociated . with the design of mounting 

, bracket 70., ) v.- >,-p-, > v • 
1 1 -Referring again to the embodiment of Figure 2, a 40 
lower, bend strap 74 is provided which is axially and 
laterally affixed to the lower steering shaft section 32 
by a- bearing assembly 75 of known configuration so . 
as to .allow rotation of the lower steering shaft relative... 
to the bend strap. 74..The.Iower bend strap 74 term!-. 45 
nates in end flanges; 76 having. slip mountings 78 
which are in.tumjafflxed to the vehicle by means of 
bolts 80'passing through the slip mounting 78 and • 
secured to the vehicle chassis as Indicated at 82. An . 

. example of these slip mountings can be seen in U.S. * so 
Patent No. 4,274,299 assigned to the assignee of the , , 
present invention. The function of the lower bend 
strap 74 is explained. below in detail, but as indicated 
earlier, its inclusion in the steering system of the pre- 
sent invention is optional. Thus, as another embodi- 55 
ment of the present invention, it could be eliminated 
all together and the upper mounting bracket 70 would 
then constitute not only the sole support for the steer- 


ing column assembly but also the sole energy-absorb- 
ing bend strap for the assembly. 

Figures 3, 4, and 5 show the details of the primary 
mounting bracket and.energy absorbing member 70. 
The mounting bracket 70 as shown is designed to 
allow the steering wheel assembly to be tilted over a 
limited arc range abouta pivot point 20 located gen- 
erally at the lower end of the lower steering shaft sec- 
tion, .32, .as. seen particularly, in. Figure 1. More 
precisely, the pivot axis is that as established by bolts 
80 as the lower bend strap 74 tilts with the entire steer- 
ing wheel assembly. The upper mounting bracket 70 
includes a. centre portion 90. and ,two diametrically 
opposed flanges radially extending from the centre 
portion, each having intermediate flange portion 92. 

-At. the end of, .each intermediate flange portion 92, 
there is provided an end flange portion 94. Each end 
flange portion 94 includes a slot 95 extending radially 
outwardly from the direction of the centre portion. 
Within slots 95 are secured slip mountings 124 des- 
cribed below in greater detail. Bolts 72, shown in Fig- 
ure 2, pass through a respective slot 95 to friction ally 
secure the mounting bracket to the vehicle substruc- 
ture indicated at 96. The centre portion 90 includes a 
rectangular opening .98, through which the upper 
steering shaft section extends: The end of the upper 
column body abuts, the mounting bracket on one side 

. .and a retaining block 100 abuts the centre portion on 
the opposite side. Each adjoining face of the centre 

s portion and upper column and retaining block is cur- 
ved so as to accommodate the tilt action of the steer- 
ing wheel. Further; a gasket member 102 having low 

. coefficient, of friction - and. good , lubricity character- 
istics, such as polytetrafluoroethyiene, surrounds rec- 
tangular opening 98 r and, is damped between the 
respective surfaces of the upper column body 52 and 
retaining block 100 so as to allow the upper steering 
column assembly to be tilted with minimal friction at 
resistance. . , ; ; ; , 

. Four bolts ,106 are seen to extend through the 
retaining block 100 to engage-the upper column body 
and clamp it to the mounting bracket 70. These bolts 
pass through the rectangular opening 98 of the upper 

, mounting bracket but dp pot engage any portion of the 
, mounting bracket. .... m::-.h 

To restrain lateral movement of the upper column 

. body 52 relative to the mounting bracket 70, a rectan- 
gular collar 1 04 is provided at the end of the upper col- 
umn body. Collar 104 .extends within rectangular 
opening 98 and the vertical sides 108 thereof slid ingly 

. engage the gasket 102. r - v ..*. 

The extent to which the steering column may tilt 
is determined by the difference in height between col- 
lar 104 and that of the opening 98 in upper mounting 
bracket 70 as represented by the gap 105, shown in 
Figure 5. - ' 

Referring principally to Figure 4, the steering 
wheel and upper column body are designed to be held 
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in any one of several selected positions within the tilt 
range by pawl 1 10 f having a plurality of locking 
grooves 112 and being biased by a spring (not shown) 
in a direction engaging a pin 114 in any one of the 
locking grooves. The pin 1 14 is fixed to the upper col- s 
umn body 52. The pawl 110. is fixed to and pivots 
about pin 1 1 6 which in turn Is fixed to a mounting block 
118 representing the same vehicle chassis substruc- 
ture to which the end flanges of the mounting brackets 
70 and 74 are affixed. This provides a solid foundation 10 
for carrying the vertical load of the steering wheel 
assembly. It also eliminates noise and vibration that 
would otherwise be transferred through, and amplified 
by, the mounting bracket, were the mounting bracket . 
to be the sole vertical support means for the steering 15 
wheel;, assembly;- The pawJ is released from the. 
mounting; pin 114 by a conventional manually oper- 
ated tilt lever (not shown) pulling against a cable 115.- 
, > When the steering column is tilted, retaining block 
100 and upper column body 52 also tilt Upper mount- 20 
ing bracket 70, however, remains stationary. Gasket 
102 reduces, the friction which would otherwise; 
impede this movement » * 

Figure 6 shows the initial and normal position 120 
of the upper mounting bracket in solid line. In the 25 
event of a collision at an impact load exceeding that 
at which the bend strap is designed to yield, the steer- 
ing column body 52 will collapse as the bend strap 
deforms in the direction, of force arrow F. Simul- 

. taneously, end flange 94 frictionally pivots in a coun- 30 
ter-clockwise direction about an axis defined by bolt 
72. through the positions shown in phantom until 

r reaching its final position 122 at which time the centre 

i. portion. 90. and steering column body 52 will have 
traversed the distance* 36 referred to in Figure 1. 35 
Should occupant ridedown not have been completely 

. arrested, the end.flange portions 94 will slip out from . 
bolts 72 upon release of slip mountings 124 to the 
position shown at 126. . ■ 

. i Figure 7 ishows the upper mounting bracket 70 40 
after a full stroke in solid line. A force in the direction 
of arrow F causes this change from the initial position . 
120 shown in phantom to the fully extended position .=■■ 
122. v v i« -jy< 

../As can be seen from both Figures 6 and 7, as a 45 
steering , column * assembly is axtally collapsed *. • 
throughout . the predetermined distance 36, the % 
mounting bracket is constantly deforming by bending 
at the juncture of the intermediate flanges 92 with the 
centre portion 90 at one end and the end flange 94 at so 
the other end. It is important that this bending at these 
junctures be facilitated in a controlled manner. For this 
purpose, each juncture is formed of reduced cross- 
sectional area relative to the remainder of the inter- 
mediate flange. This reduction In cross-section can be ss 
accomplished, for example, by providing the flange 
with a hole at the Juncture of the intermediate flange 
with the end flange. It is not necessary that a similar 


load controlling feature be provided at the juncture 
with the centre portion since the. damping of the 
flange at the centre portion between the retaining 
' block and upper steering column body constitutes 
such , a change In cross-sectional thickness. Thus, 
bending can only.be allowed along a vertical plane 
extending down the sides of the retaining block. 

-n It wilL be .further noted: that as the bend strap is 
deformed over the distance 36, the end flange rotates 
_ about the vertical, axis provided by bolt 72 to a point 
.where the slot 124 is axially aligned with the steering 
shaft Consequently,- any further travel of the upper 
steering column body and steering wheel assembly 
beyond the distance 36 will be allowed by virtue of the 
end, flange, being pulled free .of. the bolt 72. This is 
shown in the end flange position 126 indicated in Fig- 
ure 6 in dotted line;* , ■ 

v A graph of displacement of the upper mounting 
bracket (in millimetres) as the steering column collap- 
ses versus force (in G's) is shown in Figure 8. 
, .■ As can be seen, the curve is, essentially flat An 
absolutely,., flat, curve, known as a square wave, 
.denotes deformation at. every point under the same 
load. The square wave is ideal because it indicates a 
constant rate of energy. absorption and avoidance of 
any undesirable buildup of force, 
r- r Figure 9, shows lower, bend strap 74 in greater 
detail. Lower steering shaft section 32 is connected to 
the lower bend strap by a bearing arrangement 134 of 
common type which allows rotational movement but 
precludes axial displacement of the lower steering 
shaft section 32 relative to bend strap 74. 

-a This lower bend strap 74 absorbs energy when 
the lower steering shaft section 32 is driven forward 
by.deforming as shown in dotted line. When the steer- 
ing, column collapses, to. the point that the primary 
bend strap 70 is fully extended and then released, the 
lower bend strap 74 provides an additional means of 
absorbing impact energy. If the lower steering shaft 
32 is driven in the opposite direction, i.e., toward the 
driver, the lower bend strap 74 disengages from the 
vehicle via slots and slip clamps as described earlier. 

To accommodate the steering wheel being tilted 
as above-described, the lower bend strap 74 rotates 
about the. axis defined by the bolts 80 as the steering 
column tilts..- •.. >> t 

In the event of a vehicle front-end impact, the 
invention operates as follows. Upon impact, the driver 
occupant will have a tendency to continue in the for- 
ward direction toward the steering wheel 18. 

If the impact is of sufficient magnitude, the occup- 
ant's forward motion will continue until arrested by a 
seat belt or the steering wheel, In the latter case either 
directly or indirectly by intervention of an expanded air 
bag type, device, 

. If the force of the impact transmitted through 
steering wheel 18 to the upper column body 52 
exceeds a predetermined value, the upper mounting 
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bracket 70 wil! begin to pivot and deform. Energy is 
then dissipated through both the friction of the pivoting 
and bending of the upper mounting bracket. 

As this occurs; the uppersteering shaft section 54 
suspended within the upper column body 52 teles- 
copically axially collapses relative to the lower steer- 
ing shaft section 32. If the lower steering shaft section 1 
32 is not driven in the opposite' direction, as might . 
occur in the event of severe dash intrusion, the upper 
mounting bracket 70 can bend' to Its designed dis- 
placement, approximately 100 millimetres in the given 
example. 

When the upper mounting bracket 70 reaches its 
fully extended position; rt breaks away and the lower 
bend strap 74- begins to absorb energy by defor- 
mation. If there is no dash intrusion, the lower bend 
strap will provide an additional stroke, e.g. for pur-' 
poses of this particular example, 50 millimetres. Thus, ■ 
the maximum stroke of the steering column is 
increased e.g., to approximately 150 millimetres. 

f An alternative mode is' shown in Figures 10-12 
wherein like components' are given like reference 
numeral plus 100: ' * i ' 

J Figure-"10 shows the initial configuration of the 
alternative embodiment. 1 * The upper steering shaft 
section -154 extends through and Is rotatably suspen- 
ded within upper column body 152. Lower steering 
shaft secfion 132 is telescopicaliy engaged with upper 
steering shaft section 154. The upper column body 
152 is mounted to the vehicle by mounting bracket 
170. The mounting bracket 170 comprises centre por- 
tion 190, intermediate flanges 192, and end flanges 

"194. The end flanges 194 are folded over and are 
•adjustably attached to mounting bars 195 which are 
integral flanges extending upright from a common 
base plate 196; which is in turn affixed to the vehicle 
chassis in a manner not shown but similar to that of 
the first described embodiment - 

■ To provide for manually adjusting the degree of 
tilt, the end of each flange 195 includes locking 
grooves 212. A spring loaded, manually retractable 
lock pin 21 4 extends through each flange 1 95 and into 
any one of the locking grooves 212. 

Upon retracting the lock pins 214 from a respec- 
tive pair of locking grooves 212, the operator may 
select any other steering-wheel height within the 
allowed tilt range and then release the locking pins to 
engage a second pair of locking grooves 21 2, thereby 

' securing the steering column body 154 at its new posi- 
tion. - * ; *• ' • **■' 

Figure 1 1 shows the range of tilt for the steering 
column; The steering column* has a pivot point 197 
about which the column tilts. The' column tilts from 
centre axis 199 between an upper limit 201 and a 
lower limit 203. The size of this range of tflt is a func- 
tion of the length of the column and the dimensions of 
the centre portion 190 of the mounting bracket 170. 
The mounting bracket 170 is shown fully exten- 
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ded after impact in Figure 12. Upper steering shaft 
section 154 has telescopicaliy engaged lower steer- 
ing shaft section 132, and the intermediate flanges 
192 of the mounting bracket 170 have straightened 
5 while absorbing the impact energy. End flanges 194 
have remained attached to the mounting bars 195. 


Claims ■ 

10 

1. A Vehicle comprising, a vehicle chassis having a 
dash panel (12) dividing a frontal compartment 
(16) from : an interior passenger compartment 
(16), and a steering assembly (10) within said 

is passenger compartment, said steering assembly 

(10) comprising a steering shaft having an upper 
shaft section (54) and a lower shaft section (32), 
one : said./ shaft section : being telescopicaliy 
received and axially collapsible within the other 

20 for a predetermined total stroke, an upper column 

body (52), said upper shaft section (54) being 
rotatably suspended., within and extending 
beyond said upper column body (52) at the lower 

- end thereof, a primary mounting bracket means 
25 (70) for supporting said upper column body to 

said vehicle chassis; coupling means (60) for 
operatively connecting in torsion the lower end of 

- said lower shaft section (32)to a steering means 
within said frontal compartment,; said coupling 

30 means (60) being adapted to uncouple said lower 

shaft section upon a predetermined rearward 
' movement in the direction of said steering wheel 
(18); said lower end of said lower shaft section 
(32) being disposed substantially rearward of the 

35 dash panel (12) about midway between the dash 

panel and said steering wheel (18) whereby a 
substantial degree of dash panel intrusion can be 
accommodated during a frontal collision without 
impacting in any way the steering assembly. 

2. A vehicle as claimed in claim 1, wherein said 
bracket means includes means for allowing said 
upper column body and upper shaft section to axi- 
ally' collapse in a forward direction toward said 

45 frontal compartment upon receiving a predeter- 

mined impact load in the direction of said frontal 
compartment at a substantially constant rate and 
over a predetermined distance; thereby absorb- 
ing impact energy over said predetermined dist- 

so ance to bring the assembly to rest 

3. A' vehicle as claimed claim 2, wherein said 
bracket means includes a central portion and a 
pair of diametrically opposed flanges extending 

55 radially outwardly therefrom and including a pivot 

means at each end portion thereof for frictionally 
securing said mounting bracket to said vehicle 
chassis, said upper steering column body being 
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affixed to said bracket means at said central por- 
tion. 

A vehicle as claimed in claim 3, wherein said end 
portion is offset from said flange and said pivot s 
means is adapted to allow 

(i) said end portion to rotate about asubstan- 
tially vertical axis upon receiving said pre- 
determined impact load; and 

(ii) said flange to deform relative to said pivot 10 
1 means and said centra! portion over said pre- 
determined distance. 
■ ■ * • * i"*, ■ 

A vehicle as claimed in claim 4, wherein each said 
flange Includes at each end thereof joining said 
pivot means and said central portion load control- 
ling means for allowing that the point of defor- 
mation of said bracket means will be primarily at 
the juncture of said flange with the remainder of 
said bracket means. 1 20 

A vehicle as claimed in claim 5, wherein each said 
pivot means includes an axially forwardly directed 
end flange portion, each said end flange including 
a slot f directed* radially outwardly from said :» 25 
bracket means whereby as the said centre portion 
of the* bracket means axially collapses with the 
upper column body, each said end flange will be 
rotated about said vertical pivot axis until it shall 
become aligned with the axis of the collapsing 30 
upper column body and whereby upon the col- 
umn body being collapsed the full extent of said 
•predetermined distance, said upper column body, 
will be released from said vehicle chassis upon 
further axial collapse..: . 35 

A vehicle as claimed in claim 6, wherein said load 
controlling means includes the said intermediate 
flange being reduced in cross-sectional area at 
the juncture with said end flange and central por- 40 
tion.* < • 

A vehicle as claimed in claim 3, wherein said cent- 
ral portion of said bracket means includes a gen- 
erally- rectangular . opening bounded by 4S 
substantially vertical side surfaces, said upper 
column body being received within said rectangu- 
lar opening and supported thereby in fixed rela- 
tive position axially and laterally. 

A vehicle as 'claimed in claim 8, wherein said- 
steering assembly includes a manually adjust- 
able tilt mechanism means for allowing the steer- 
ing wheel to be adjusted to various heights along * 
a prescribed limited - vertical extent, said tilt ss 
mechanism means including said upper column 
body, said bracket means and vertical locking 
support means affixed to said vehicle chassis. 


1 0. A vehicle as claimed in claim 9, wherein said cent- 
ral portion of said bracket means includes a later- 
ally disposed surface having a radius of curvature 
of a predetermined arc length and having its cen- 
tre point at said lower end of said lower shaft sec- 
tion, the lower end of said upper column body 
terminating' in a similarly curved surface, said 
upper column body including a retaining means 
for maintaining the lower end of said upper col- 
umn body in constant abutting engagement with 
said lateral surface; and said vertical locking sup- 

1 port, means being adapted to be released man- 
ually at will whereupon the position of said upper 
column body may. be adjusted to any vertical 
extent throughout said arc length. 

11. A vehicle as claimed in claim 10, wherein said 
locking support' means includes a retaining pin 
member and a pawl member having a plurality of 
slots for receiving said pin member to thereby 
adjust the height of said upper column body and 
steering wheel, said pin member and pawl merrv 

. ber being . manually releasable relative to one 
another, and one of said members being affixed 

' : to said upper column body and the other to said 
..vehicle chassis whereby the vertical support for 
said steering assembly is through said vehicle 
chassis and noise; and vibration attenuation 
through said bracket means is substantially elimi- 
nated. 

12. A vehicle as claimed in claim 2, further including, 
second bracket means for absorbing energy upon 
said steering column assembly receiving an 
impact load , in excess of said predetermined 
impactload in the direction of said frontal com- 
partment, said second bracket means being axi- 
ally affixed to. said lower shaft section and to said 
vehicle chassis, said second bracket means 
being deformed to thereby absorb said Impact 
upon said upper and lower steering shaft sections 
becoming substantially., fully axially collapsed 
relative to one another over said predetermined 
distance. 

13. A vehicle as claimed in claim 12, wherein said 
second bracket means includes slip means for 
allowing the entire second bracket means to 

• come free of the vehicle chassis if impacted in the 
rearward direction by said dash panel at a pre- 
determined impact load, said tower steering shaft 
section thereby being allowed to axially collapse 
relative to said upper steering shaft section a sec- 
ond predetermined distance without impeding 
any forwardly directly axial collapse of said upper 
steering shaft section. 

14. An energy-absorbing steering assembly expos- 


es 


so 
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able to a predetermined impact load and mount- 
able within a vehicle comprising, an upper column 
body, a steering shaft rotatably suspended within 
and extending through said upper column body, 
said steering shaft comprising an upper steering s 
shaft section and a lower steering shaft section, 
said steering shaft sections being arranged for 
telescopic movement relative to one another in 
response* to said predetermined impact load, 
bracket means for mounting said steering column 1 o 
to said vehicle and for absorbing energy upon 
said predetermined impact load, sakJ bracket 
means comprising a centre portion adapted to cir- 
cumscribe said steering shaft in a manner to faci- 
litate the tilting of said steering shaft with respect is 
to said vehicle before said impact and at least one 
flange portion "extending generally radially out- 
wardly from said centre portion and connected to 
said vehicle; and a retaining block connected to 
" said upper column body for securing said bracket 20 
means tosaid upper column body and movable 
relative to said bracket means with said upper col- . 
umn body * when said steering shaft is tilting, 
whereby upon said steering column being impac- 
ted at a load above said predetermined impact 25 • 
load, said upper steering shaft section collapses 
with respect to said lower steering shaft section 
as 1 said flange portion yields In bending defor- 
mation. 

■ 30 

15. An energy-absorbing steering column of claim 14 
wherein said vehicle has a fixed pivot having a 
vertically directed axis and said flange portion ter- 
minates in an end portion axially offset with res- 
pect' to the flange portion, said end portion 35 
adapted to be frictionaliy prvotally attached about 
said fixed pivot on said vehicle. 

1 6. An energy-absorbing steering column as claimed 

in claim 1 5, wherein frictional attachment of said 40 
end portion to said fixed pivot includes a resilient 
washer. ' 

1 7. An energy-absorbing steering column exposabie 

to a predetermined impact load and moun table 45 
■■' within a vehicle comprising, an upper column 
■- body, a steering shaft rotatably suspended within 
and extending through said upper column body, 
said steering shaft com prising an upper steering 
shaft section and a lower steering shaft section, ■■• so 
said steering shaft sections being arranged for 
telescopic movement relative to one another in 
response to said predetermined impact load, first 1 * 
bracket means for mounting said steering column 
to said vehicle and for absorbing energy upon ss 
said predetermined impact load, said bracket 
means comprising a centre portion adapted to cir- 
cumscribe said steering shaft In a manner to faci- 


litate the tilting of said steering shaft with respect 
to said vehicle before said impact and at least one 
intermediate., flange . extending generally out- 
wardly from said centre portion and connected to 
said vehicle, a. retaining block connected to said 
upper column body for securing said bracket 
means to said upper column body and movable 
relative to said bracket means with said upper col- 
umn, body when said steering shaft is tilting, and 
second bracket means deformable for absorbing 
energy, upon sajd ; predetermined impact load 
comprising a centre portion affixed to said lower 
steering , shaft section and having at least one 
radially extending, portion including an end por- 
tion adapted to be fixed to. said vehicle, whereby 
upon said steering column being impacted at a 
load above said predetermined impact load, said 
upper steering shaft section collapses axially with 
respect to said lower steering shaft section as 
said intermediate flange and said second bracket 
. , means yield in bending deformation. 

18. An energy-absorbing steering column as claimed 
in claim 17i wherein said vehicle has a dash panel 
intrudable therein In response to a second pre- 
determined impact load, and wherein said end 
portion of said second bracket means includes a 
one-way ' breakaway, coupling whereby upon 
Intrusion of said dash panel, said second bracket 
means breaks away from said vehicle. 

19. A vehicle comprising a dash panel and an ener- 
gy-absorbing steering column and exposabie to a 
predetermined. impact load in the event said ve- 
hicle is involved in a collision, said steering col- 
umn, comprising, v an i. upper, column body, a 
• steering shaft, rotatably suspended within and 
extending through, said upper column body, said 
steering shaft comprising an upper steering shaft 
section and a lower steering shaft section, said 
steering shaft sections being arranged for teles- 
copic movement relative to one another in res- 
ponse to said : predetermined impact load, a 
steering wheel connected to said upper steering 
shaft section; at the r.upper free end thereof, 
bracket means for mounting said steering column 

. < to said vehicle and for absorbing energy upon 
receiving said predetermined impact load, said 
bracket means comprising a centre portion adap- 
ted to circumscribe said steering shaft in 8 man- 
ner to facilitate the tilting of said steering shaft 
with respect to said vehicle and. at least one 
flange portion extending generally outwardly from 
said centre portion and connected to said vehicle, 
and a locking block connected to said upper col- 
umn body for axially and laterally securing said 
bracket means to said upper column body, said 
upper column body and steering shaft being mov- 
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able relative to said bracket means along a gen- 
erally vertical axis of limited arc length to facilitate 
manually adjusting the height of said steering 
wheel, means for vertically supporting said upper 
column body and steering shaft in any one of a s 
plurality of positions within said limited arc length 
and independent of said bracket means. 

20. A bend strap for mounting an energy-absorbing 
collapsible steering column to a vehicle compris- 10 
ing, a centre portion configured in a collar suffi- 
cientJy large to accommodate the steering 
column, and a pair of diametrically opposed 
flanges attached to said centre" portion and 
extending radially outwardly therefrom, each said 15 
flange including at the free end thereof opposite 
said centre portion a pivot means for allowing said 
flange to rotate about a vertical axis as the steer- 
ing column collapses in response to an impact 
load. 20 

21. The bend strap of claim 20 wherein each said 
flange includes at each end thereof joining said 
pivot means and said central portion load control- 
ling means for allowing that the point of defor- 25 
mation of said bracket means will be primarily at 

the juncture of said flange with the remainder of 
said bracket means. 

22. An energy-absorbing steering column exposable 30 
to an impact load and mountable within a vehicle 
comprising, an upper column body, a steering 
shaft rotatably suspended within ana* extending 
through said upper column body, said steering 
shaft comprising an upper steering shaft section 35 
and a lower steering shaft section, said steering 
shaft sections being arranged for telescopic 
movement of predetermined limited stroke rela- 
tive to one another in response to said predeter- 
mined impact load, first bracket means for 40 
mounting said steering column to said vehicle 

and for absorbing by bending deformation the 
energy of said impact load at a substantially fixed 
rate over a substantial portion of said limited 
stroke, second bracket means connected to the 45 
lower-end of said lower steering shaft section 
deformable for absorbing by bending deformation 
the energy of said impact load over the remaining 
portion of said limited stroke. 

so 

23. A vehicle comprising a dash panel and an ener- 
gy-absorbing steering column exposable to a pre- 
determined impact load in the event said vehicle 
is involved in a collision, said steering column 
comprising, an upper column body, a steering 55 
shaft rotatably suspended within and extending 
through said upper column body, said steering 
shaft comprising an upper steering shaft section 
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and a lower steering shaft section, said steering 
shaft sections being arranged for telescopic 
movement relative to one another in response to 
said predetermined impact load, a steering wheel 
connected to said upper steering shaft section at 
the upper free end thereof, bracket means for 
mounting said steering column to said vehicle 
and for absorbing energy upon receiving said pre- 
determined impact load, said bracket means 
including a bend strap member having a centre 
portion affixed to said steering shaft and a pair of 
diametrically opposed flange portions extending 
generally outwardly from said centre portion, and 
each said flange portion including an end flange 
portion having means for supporting and adjust- 
ably suspending said upper column body at any 
one of a plurality of vertical positions within a 
limited range. 

24. A vehicle as claimed in claim 23, wherein said 
bracket means further includes a mounting base 
plate member and end flanges at each side 
thereof extending parallel to the axis of said steer- 
ing column, each said end flange portion of said 
bend strap being U-shaped in plan view and cir- 
cumscribing a respective rearward end flange of 
said base plate member whereby the steering col- 
umn body will be restrained from moving forward, 
and a manually retractable locking means 
extending through each said U-shaped end 
flange portion and base plate member end flange 
whereby the upper column body and bend strap 
may be released from the base plate member to 
adjust the height of the steering column. 

25. A vehicle as claimed in claim 24, wherein each 
said base plate member rearward end flange 
includes a plurality of locking grooves, and each 
said U-shaped end flange portion of the bend 
strap includes a manually retractable locking pin 
adapted to inter-engage any one of said locking 
grooves. 
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